in normal cells have been reported in adults treated with IM. [2] [3] [4] So far, most of the data on the long-term side-effects of IM in children who have received this treatment concern its impact on growth.
5-7
We report 4 CML pre-pubertal patients (3 males and 1 female; median age at start of IM treatment 10.6 years) in complete cytogenetic response (CCyR) with IM who were regularly monitored between May 2004 and June 2011 to evaluate the bone and mineral metabolism, as well as growth and pubertal development. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Ethics Committee as a part of a retrospective study (CML-Petit-01). Patients received IM at a dosage ranging from 275 to 324 mg/m 2 /day (median 314 mg). One patient stopped IM after 3.4 years of treatment because of a cytogenetic relapse. Starting from January 2008, 3 patients in major molecular response (MMolR, BCR-ABL/ABL <0.05%) were scheduled to receive intermittent therapy consisting of the same dosage of IM taken three weeks on and one week off every month.
Follicle stimulating hormone (FSH), luteinizing hormone (LH), testosterone (T), free-testosterone (fT), inhibin-B, progesterone (P), 17b-estradiol (E2), growth hormone (GH), insulin-like growth factor-1 (IGF-1), thyroid stimulating hormone (TSH), prolactin (PRL) and Tanner stage were assessed to define pubertal and sexual development (Online Supplementary Table S1 ). T, fT and testis volume for male patients, and E2, breast development and the menstrual cycle for females, rose according to the appearance of signs of puberty. For both genders, the Tanner stage reached the adult target and a normal sexual phenotype was observed. As shown in Figure 1A , P levels rose above the normal range in a background of normal values of T, E2 and PRL in all males. The high P levels could result from the IM inhibition of PDGFR and c-kit tyrosine kinases that in turn inhibit D5-3 β-hydroxysteroid dehydrogenase and 17,20 lyase, both responsible for P formation. A similar effect of IM on P levels has been also found in adult males.
3
Whether this finding may have clinical relevance is not known. One boy (case n. 2) continued to show a reduced inhibin-B/FSH ratio, as previously reported, 8 combined with severe oligozoospermia even during intermittent therapy with IM, suggesting a durable risk of fertility reduction.
C-terminal telopeptides of type I collagen (CTX), parathyroid hormone (PTH), serum calcium (Ca), serum phosphate (PO4-), serum magnesium (Mg), bone-specific alkaline phosphatase (BAP), 25-hydroxyvitamin-D (D3) and bone mineral density (BMD) were assessed to evaluate bone growth and mineralization (Online Supplementary  Table S2 ). We observed a deceleration of longitudinal growth in all patients since the administration of IM (Figure 2 ), in the presence of normal values of TSH, GH and IGF-1. All patients reached the mid-parental height during intermittent IM schedule, suggesting a relationship between the continuous and prolonged exposure to the TKI and the growth deceleration in pre-pubertal children. Our data are similar to those previously reported in CML children treated with IM. [5] [6] [7] The mechanism by which TKI treatment causes a growth delay in children remains unknown. Recently, Hobernicht et al. suggested that the BCR-ABL targeted TKIs resulted in a decreased GH secretion at the pituitary level rather than an impaired action on downstream targets. 9 All patients showed the bone resorption marker CTX above the highest reference value for haematologica 2013; 98:e26 
LETTERS TO THE EDITOR

A B C D
age-matched controls ( Figure 1B) . Furthermore, a reduction in the chronological age BMD was recorded in 2 patients (case ns. 2 and 3), resistant, severe and associated with serum Ca in the upper normal limit and urinary Ca higher than normal (896 mg/day, n.v. 100-300 mg/day) in one of them (case n. 2). PTH, serum and urinary Ca, PO4-, BAP and Mg serum levels were normal in all other patients. Interestingly, case n. 3 recovered normal BMD values within 12 months after IM discontinuation. Our data suggest the biggest effect of IM is on bone resorption rather than on osteogenic promotion in children treated with IM. In contrast, available data in adults suggest that IM stimulates bone formation and retrains bone resorption, resulting in a sequestration of calcium and phosphate in the bone with concomitant lower serum levels of these minerals. 4, 10 The dysregulated bone remodeling probably results from both the inhibition of osteoclasts, by blocking c-FMS, c-KIT, carbonic anhydrase II and PDGFR signaling, and the activation of osteoblast activity through inhibition of PDGFR. 4 The discrepancy between the osteogenic promotion in adults and the resorptive effect observed in our pediatric population could be explained by a different agedependent impact of IM on bone metabolism. This hypothesis has been recently supported by demonstrations in rats that inhibition of TK receptors during longitudinal bone growth leads to long-term adverse effects on bone growth and remodeling.
11
In conclusion, the side-effects observed in our patients raise some concerns that children having long exposure to IM prior to puberty may have different characteristics to adults. Since the number of children on treatment with TKIs is constantly increasing, the possible side-effects of these long-term targeted therapies may play an important role in the treatment strategy. In particular, bone metabolism and growth velocity should be closely monitored in all children treated with TKIs. Furthermore, bosutinib, a dual Scr/Abl TKI with minimal inhibitory activity against c-KIT and PDFR, that has shown efficacy in patients previously treated with 2 or more TKIs 12 could offer a new effective therapeutic option also for children with CML. 
